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Abstract  
A vegetation survey was conducted on the newly acquired farm portions of the farm 
Doornrandje 386 JR, which are being incorporated into Gauteng Department of 
Agriculture and Rural Development’s protected area expansion. This study provides 
an ecological basis for establishing an efficient management programme for the 
area. From a TWINSPAN classification, refined by Braun-Blanquet procedures, five 
plant communities were identified. A classification and description of the major plant 
communities is presented. Descriptions of the plant communities include 
characteristic species, as well as prominent and less conspicuous species of the 
tree, shrub, herb and grass strata. Floristic analyses of the vegetation and a 
biodiversity comparison of the different plant communities found on the farm are also 
undertaken. This study proves that the extended land incorporated into the Reserve 
contributes to the biological diversity of the study area. 
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Chapter 1 Introduction 
 
1.1 Origin of South African Grasslands 
 
According to Bredenkamp et al. (2002), South African Grasslands are the result of 
climatic conditions, unlike the northern hemisphere’s Grasslands which are of 
anthropogenic origin. 
 
Bredenkamp et al. (2002) and Scott et al. (2003) determined that in the early 
Cretaceous era, angiosperms were evolved but was not prominent in South African 
flora. Bennettitales, ferns, cycads and conifers dominated the flora. Africa was 
isolated from Gondwana during the mid Cretaceous era. Diversity within the 
angiosperms was noticeable due to the warm climate (Anderson, 2001). 
 
Scott et al. (2003) determined that the vegetation during the Cenozoic era in 
southern Africa developed into the equivalent of today’s Biomes.  The Poaceae 
originated in the Eocene era, coinciding with the first appearance of grazing 
herbivores (Anderson, 2001; Bredenkamp et al., 2002).  
 
According to Bredenkamp et al. (2002), drought, high temperature, low levels of 
nutrients and carbon dioxide, as well as adaptation to oxygen poor, water saturated 
habitats led to the evolution of the herbaceous and annual growth habit. The 
angiosperms and colonisers could compete successfully in these harsh 
environments.   
Page 2 of 123 
 
Bredenkamp et al. (2002) stated that Poaceae adapted through the presence of 
intercalary meristem. This characteristic trait of Poaceae provided resistance to the 
loss of biomass through herbivory, fire or other environmental factors. Bredenkamp 
et al. (2002), determined that species associated with Grasslands are also adapted 
to the same constraints by developing bulbs and rhizomes.  
 
The Circum Antarctic Current developed during the Eocene-Oligocene era, this 
caused an increase in temperature gradients from the South Pole to the equator and 
a decrease in temperatures at high southern latitudes (Bredenkamp et al., 2002).   
 
During this time, rainfall decreased and became seasonal and the Antarctic ice 
sheets developed (Bredenkamp et al., 2002; Scott et al., 2003).  During the Eocene 
era, woodlands and scrublands originated in South-West Africa, where dry sites 
were available. By the Oligocene, Grasslands became a widespread vegetation type 
in Southern Africa (Bredenkamp et al., 2002). 
 
Major tectonic activity elevated the central Highveld of South Africa during the 
Neogene era. This occurrence formed the high altitude mountains of the Great 
Escarpment in east South Africa, bringing cooler and drier conditions to the region 
(Bredenkamp et al., 2002; Scott et al., 2003). The formation of the cold Benguela 
current along the west coast of Africa brought cold water to this region, contributing 
to the dry climate in the area and seasonality (Bredenkamp et al., 2002; Keeley and 
Rundel, 2005).  
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These events, with a decrease in the levels of atmospheric carbon dioxide, led to the 
development of drought resistant Savanna and Grassland vegetation at the expense 
of forests (Bredenkamp et al., 2002; Keeley and Rundel, 2005). During this time C3 
grasses and trees decreased while C4 grasses increased (Bredenkamp et al., 2002; 
Cerling et al., 1997). 
 
C4 photosynthesis has a competitive advantage in environments with low carbon 
dioxide concentrations and higher temperatures. Tropical and subtropical Savannas 
and Grasslands are dominated by C4 grasses, while C3 grasses dominate the 
higher latitudes (Cerling et al., 1997; Keeley and Rundel, 2005). 
 
According to Bredenkamp et al. (2002), during the Quaternary era, the cycles of 
glacial and interglacial events influenced the evolution and position of plant 
communities and modern day Biomes of the southern hemisphere continents. 
Fluctuations in temperature and precipitation, and seasonal distribution patterns of 
moisture availability determined Biome composition and boundaries.  
 
In the last glacial maximum, the large shifts in the CO2:O2 ratio would have 
disadvantaged trees and shrubs due to increased respiration and physiological 
drought, shifting the competitive advantage to C4 grasses (Bredenkamp et al., 
2002).   
 
This confirms the hypothesis of Bond and Midgely (2000) determined that increased 
CO2 levels will have a positive effect on woody plant success and will favour tree 
thickening. According to Kerr (2001), CO2 levels were not the only reason for C4 
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expansion, increasing aridity was also important. The distribution of grasses in South 
Africa shows the geographic separation between C3 and C4 species.   
 
According to Bredenkamp et al. (2002), C3 grasses are predominant in the winter 
rainfall region of the Western Cape and on the high altitude areas of the 
Drakensberg (and other mountain ranges that indicate lower temperatures and 
higher moisture).  South African Grasslands have a high level of endemic species 
compared to forests, indicating a long evolutionary history (Bredenkamp et al., 
2002). The hypothesis that South African Grasslands are of anthropogenic origin and 
maintained by fire cannot be accounted for (Bredenkamp et al., 2002). 
 
1.2 The Grassland Biome in South Africa  
 
South African flora is extremely diverse in species and ecosystems. The country is 
one of the 25 most biologically diverse countries. It also has the fifth highest number 
of plant species in the world (Reyers et al., 2001). South African Grasslands have a 
considerably high biodiversity containing a number of rare and endemic flora. 
 
Van Wyk and Smith (2001) determined that that there are five centres of floristic 
endemism found within the southern African Grassland Biome, namely the 
Maputuland-Pondoland, Drakensberg Alpine, Barberton, Wolkberg and 
Sekhukhuneland. 
 
The Grassland Biome (Figure 1.1) is the second largest Biome in South Africa, 
covering an area of 339 237 km² and occurs in seven of the nine provinces 
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(O’Connor and Bredenkamp, 1997). This Biome occupies 26% of South Africa, is 
centrally located in the country mostly within the high central plateau of South Africa 
(Bredenkamp, 1999), the inland areas of KwaZulu-Natal and the Eastern Cape 
(Rutherford and Westfall, 1994). 
 
Despite the relatively uniform vegetation structure in Grasslands, environmental 
gradients exist causing the floristic composition, vegetation dynamics, and ecosystem 
functioning to vary considerably across this Biome.  These gradients include rainfall 
that ranges from 400 to >1200 mm per year, temperatures that range from frost–free 
to snow in winter, and altitude ranging from sea level to 3300 m (O’Connor and 
Bredenkamp, 1997). 
 
The Grassland Biome’s biodiversity (estimated at 82 species per 1000 m²) is higher 
than for other threatened Biomes in South Africa such as the Fynbos Biome (68 
species per 1000 m2) and is second to the Renosterveld Biome (86 species per 
1000 m²) (O’Connor and Bredenkamp, 1997). 
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Figure 1.1 Locality of the Grassland Biome in South Africa (adapted from Mucina 
and Rutherford, 2003). 
 
1.3 Determinants and Composition of South African Grasslands 
 
Grasslands are dominated by a layer of grasses. The amount of cover depends on 
rainfall and the degree of grazing. Frost, fire and grazing maintain the grass 
dominance and prevent the establishment of trees (Rutherford and Westfall, 1994).  
 
In South Africa, the Grassland Biome can be distinguished from other Biomes based 
on the number of days when soil temperature is sufficient for plant growth and the 
mean temperature of days too dry for plant growth (Rutherford and Westfall, 1986). 
Islands of Fynbos occur in the Grasslands of the eastern escarpment on nutrient-
poor soils that are protected from fire; however, Fynbos predominantly occurs in 
winter rainfall areas, whereas Grasslands receive summer rainfall. 
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Grasslands tolerate a lower non-growing seasonal temperature than Savannas 
(O’Connor and Bredenkamp, 2003; Bredenkamp et al., 2002; Bredenkamp, 1999). 
Savanna species cannot tolerate very low temperatures such as those experienced 
in the Grassland Biome (Bredenkamp et al., 2002). 
 
The high rainfall of the Grassland Biome produces a high fuel load for intense and 
frequent fires.  Fire is not the determining factor for the exclusion of trees from 
Grasslands because fire regimes in the Grassland and Savanna Biomes are very 
similar, with many Savanna trees being adapted to intense fires (Bredenkamp et al., 
2002).  
 
Bredenkamp et al. (2002), stated that there are no cold-adapted angiosperm or 
gymnosperm tree species indigenous to South Africa. Woodland patches do exist in 
Grasslands, but they are restricted to ridges, hills and kloof areas. O’Connor and 
Bredenkamp (2003), suggest that this may be due to temperature inversions and 
adiabatic cooling on mountain sides. Shallow soils on steeper slopes reduce the fuel 
load and thus fire frequency and intensity, preventing the mortality of woody species 
seedlings which are not fire tolerant. Bezuidenhout (1988), suggested that in drier 
areas, differences in geology, topography and land-type influences Plant Community 
distribution.  
 
O’Connor and Bredenkamp (2003), determined that grasses growing in high rainfall 
areas are unpalatable, tufted and reproduce by seeds. In arid areas, grasses are 
more palatable, flower later in the season and most of the tufted species can also 
reproduce vegetatively by means of rhizomes. 
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Within the Grassland Biome, sweet and sour grasses are recognised by their grazing 
suitability. Sweet grasses occur on fertile soils in the dry warmer areas characterised 
by low rainfall and are preferred by animals.  Sweet grasses have a high nutritional 
value and low fibre content throughout the year. Sour grasses occur on infertile soils 
in cooler, high-rainfall areas, where they lose their nutritional value in winter making 
them unpalatable to animals. High rainfall leads to the leaching of nutrients from the 
soil (Low and Rebelo, 1998; Bredenkamp, 1999).  
 
1.4 Grassland Hotspots 
 
Rare plants are often found in South African Grasslands, especially in escarpment 
areas. These rare species are often endangered, comprising mainly endemic 
geophytes or dicotyledonous herbaceous plants. This indicates the long evolutionary 
history of Grasslands (Bredenkamp, 1999). Very few grasses are rare or 
endangered. The scenic splendour of the escarpment region attracts many tourists 
(Rutherford and Westfall, 1994). 
 
1.5 Agriculture, Human Needs and Grasslands 
 
Grasslands are mainly located in central high altitudinal regions. Sour-veld occurs 
under high-rainfall on acidic soils, and sweet-veld on fertile soils in semi-arid zones. 
Grasslands of Mpumalanga and KwaZulu-Natal provide natural grazing to sheep 
producing more than 8 million kg of wool annually with a value exceeding R 52 
million in 1995 (South African Water Crisis Project, 1999). With a large number of 
endemic species, South Africa’s Grasslands have a high, but as yet virtually 
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untapped eco-tourism potential worth possibly as much as R 60 million annually 
(South African Water Crisis Project, 1999). 
 
Although not properly assessed, the economic value of the South African Grasslands 
to a sustainably based traditional medicine industry must be considerable. South 
Africa’s entire maize crop and a large proportion of its wheat crop are produced in 
the Grassland Biome. By far the largest proportion of South Africa’s commercial 
timber is grown and processed within the Biome (South African Water Crisis Project, 
1999). 
 
South African Water Crisis Project (1999) stated that the Grassland Biome is the 
mainstay of dairy, beef and wool production in South Africa, and it contains most the 
country’s major river catchments. Grasslands occur on some of the best agricultural 
soils and are the cornerstone of the maize industry, resulting in several grasslands 
being radically altered by agronomy.  
 
Species rich montane Grasslands are currently being destroyed at an average rate 
of over 200 square km per annum by commercial afforestation. Transformation of 
Grassland by ploughing and afforestation is considered irreversible. Urbanization is 
another major influence on the loss of natural areas – the Witwatersrand is centred 
in this Biome (South African Water Crisis Project, 1999). 
 
This Biome is not only one of the most poorly conserved, but there is little potential 
for conservation in the future because of its radically altered state. In fact, it is 
doubtful whether certain representative Veld Types within the Grassland Biome can 
Page 10 of 123 
 
ever be adequately conserved today, simply because there are no reasonably large 
natural areas remaining. (South African Water Crisis Project, 1999). 
 
1.6 Prioritising Grassland Conservation in South Africa 
 
According to Reyers et al. (2001), the Grassland Biome has been identified as 
critically endangered due to habitat loss, fragmentation and future threats including 
urbanisation.   
 
Neke and Du Plessis (2004), state that the Grassland Biome has been given little 
protection despite the resources that it provides and the severity of threats to this 
valuable resource. 
 
Bredenkamp (1999), suggests that an estimated 60 – 80% of South African 
Grasslands have already been transformed by agriculture, forestry, mining and 
urbanisation. According to Low and Rebelo (1998), only an estimated 2.3% of 
Grasslands are currently conserved. Reyers et al. (2001), further states that the 
IUCN recommends that 10% of Grasslands be conserved.  
 
Minister Sonjica (Minister of Water and Environmental Affairs) stated that South 
African Grasslands are the heartland of the South African economy and produces 
the bulk of water needed to sustain human life and economic growth (Department of 
Environmental Affairs, 2010).  
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The Minister further stated that the Grassland Biome provides essential ecosystems 
services, such as water production and soil retention necessary for economic 
development, and contains important biodiversity element that are of global and 
domestic significance and value (Department of Environmental Affairs, 2010). 
 
The Grassland Biome forms one of the largest and most important catchments for 
South African river systems. Within the catchment, wetlands are numerous and play 
a critical role in water purification. It has been shown that peatlands in this Biome 
can filter out 90% of harmful chemicals found in herbicides.  Apart from water 
purification, wetlands and associated Grasslands also serve as collectors of 
rainwater by reducing immediate runoff and erosion, thus holding the water as 
ground water and releasing it slowly throughout the year through seepage zones 
(Reyers et al., 2005).  
 
The South African government has identified the Grassland Biome as a priority for 
conservation action in 2008 (Figure 1.2). To save this Biome from further 
deterioration, the National Grassland Programme was implemented (Grassland 
Programme, 2010). The Grassland Programme used a landscape approach to 
determine the Grassland priority clusters (Grassland Programme, 2010). This 
approach determines the thresholds or levels of change, beyond which the ability of 
the landscape to sustain life and productivity is seriously diminished (Grassland 
Programme, 2010). The implementation of this programme will ensure that the 
management of biodiversity can contribute to sustainable development in the 
Grassland Biome (Department of Environmental Affairs, 2010). 
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Ecosystem services and biodiversity of the Grasslands are found across the Biome 
and cannot be secured only through formal conservation areas. The Grasslands 
Programme seeks to implement an alternative approach by mainstreaming through 
working in partnership with the agriculture, forestry, urban development and coal 
mining sectors to secure and sustain Grasslands (Department of Environmental 
Affairs, 2010). 
 
 
Figure 1.2 Priority Clusters of Grasslands according to the Grasslands Programme 
using a landscape approach – (adapted from Grassland Programme, 2010). The 
Egoli Granite Grassland cluster found in Johannesburg is not visible due to its size. 
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1.7 Grassland Conservation in Gauteng 
 
According to Mucina and Rutherford (2006), the majority of Gauteng falls within the 
Grassland Biome, and holds significant Grassland biodiversity which includes 
endangered Vegetation Types such as the Rand Highveld Grassland (Gh 287), 
Soweto Highveld Grassland (Gh 973) and the Gauteng Endemic Grassland, namely 
the Egoli Granite Grassland (Gh 873). 
 
In a conversation on 25th March 2012 B. Manaka outlined that the Grasslands 
Programme has a specific focus on Gauteng as the economic and decision-making 
powerhouse of South Africa. Although Gauteng is the smallest province in South 
Africa, it is the most urbanised. 
 
Urban settlements provide homes, places of business and other critical services for 
the majority of the South African population. Inappropriately located and executed 
development, and demand for housing have often resulted in the destruction of key 
habitats and biodiversity. 
 
Solutions to mitigating the impact of urban development and particularly urban 
sprawl lie in strong urban edges, coherent open space systems that incorporate 
biodiversity priority areas, and a strong enabling environment.  
 
Biodiversity priority areas are green spaces where residents can enjoy recreational 
activities, such as hiking and bird-watching. These areas also supply a number of 
goods and benefits or ecosystem services. These services assist with purifying the 
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air and absorbing significant quantities of carbon dioxide. Wetlands help to purify 
water and buffer communities from floods, adding amenity value. (Grassland 
Programme, 2010). 
 
The main aim of the Grassland Programme (2010), is to mainstream biodiversity 
objectives into the urban economy of Gauteng. The Implementing Agent of the 
programme is the Gauteng Department of Agriculture and Rural Development 
(GDARD), who engages closely with municipalities and other key partners to deliver 
on the following objectives: 
1. To develop a biodiversity toolkit (policy, guidelines, decision-support tools) for 
use by the province, municipalities and other key stakeholders involved in 
urban management and decision making in Gauteng.  
2. To strengthen capacity building, awareness raising, communication and 
training on biodiversity and environmental issues. 
3. To secure priority areas of biodiversity importance. 
 
1.8 Objectives for this study 
 
The objectives for this study were to: 
1. Classify and describe the vegetation of the Egoli Granite Grassland on the 
farm Doornrandjie, Gauteng, 
2. Do a floristic and biodiversity analysis of the vegetation found on the study 
area.   
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Chapter 2 Study Area 
 
2.1 Location 
 
The study area is situated in the Centurion area of the City of Tshwane Metropolitan 
Municipality (Figure 2.1), Gauteng Province, South Africa. It is falls between 
longitude 28° and latitude 28°.  The study area covers approximately 700 ha of which 
300 ha is Egoli Granite Grassland, an endemic  vegetation type to the Gauteng 
Province (Mucina and Rutherford, 2006). Diepsloot Township is the nearest 
settlement, 10 km southeast of the study area. 
 
 
Figure 2.1 The Study Area in relation to Gauteng Province. 
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2.2 Vegetation 
 
The study area is situated within the north western section of the Grassland Biome of 
South Africa. According to Mucina and Rutherford (2006), the study area falls within 
the Egoli Granite Grassland (Mapping Unit GM10) and Carletonville Dolomite 
Grassland (Mapping Unit GH15) Vegetation Types. 
 
The Egoli Granite Grassland is classified under the Mesic Highveld Grassland 
Bioregion and the Carletonville Dolomite Grassland is classified under the Dry 
Highveld Grassland (Mucina and Rutherford, 2006 – Figure 2.2). These Grasslands 
were mapped as Bankenveld (Veld Type 61) by Acocks (1988), and Rocky Highveld 
Grassland (Vegetation Type 34) by Bredenkamp and Van Rooyen (1996). 
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Figure 2.2 Study Area in relation to the Vegetation Map of Mucina and Rutherford 
(2006). 
 
Acocks (1988), describes this particular type of Bankenveld as a False GrassVeld 
Type. The Bankenveld vegetation type consists of diverse plant communities 
including forests in sheltered Ravines, woodlands, Grasslands and Wetlands (Figure 
2.3). The location of these communities is dependent on geology, topography and 
their location in the landscape (Bredenkamp and Brown, 2003).  
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Figure 2.3 Study Area in relation to the Vegetation Map of Acocks (1988). 
 
Bankenveld houses many rare species, has a rich biodiversity, and provides habitat 
for many organisms. However, according to Bredenkamp and Brown (2003), the 
urban and industrial centres of Gauteng, as well as the major gold and coal mines are 
situated in this vegetation type. Reyers (2001), estimated that 33.6% of Bankenveld is 
transformed and only 0.8% is protected. Protected areas include nature reserves 
such as Witbank, Suikerbosrand, Rustenburg, Abe Bailey, Boskop Dam and Rietvlei 
(Figure 2.4). Currently there are no proclaimed nature reserves where Egoli Granite 
Grassland is protected. 
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Figure 2.4 Locality of three reserves that fall within the Bankenveld (Acocks, 1953).  
 
2.3 Habitats within the study area 
 
The Institute for Soil, Climate and Water (ISCW) created a natural stratification map 
or vegetation habitat map for Gauteng that delineates uniform environmental units 
and depicts habitat variation at a 1: 250 000 scale (Institute for Soil, Climate and 
Water, 2004). The Institute further stratified within the broad Acocks (1953) Veld 
Types to identify specific vegetation communities within a single Veld Type, as such 
are more susceptible to grazing, leading to permanent degradation, bush 
encroachment and soil erosion.  
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This enabled the institute to produce a vegetation map with classes within which 
there were meaningful relationships between floristic data and habitat/environmental 
factors (Institute for Soil, Climate and Water, 2004). 
 
This was achieved by comparing and integrating non-spatial data (vegetation 
communities classified using TWINSPAN and cluster analysis) and abiotic spatial 
data that were stratified into the broad vegetation habitats of Gauteng, using 
multivariate techniques (Figure 2.5)(Institute for Soil, Climate and Water, 2004). 
 
 
Figure 2.5 Different habitats within the study area (Adapted from the Institute for 
Soil, Climate and Water, 2004). 
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2.4 Climate 
 
According  to Schulze (2003), light, temperature and moisture shapes vegetation 
patterns by influencing the plants life cycle. The most important climatic factors that 
influence vegetation are temperature and water availability. Rutherford and Westfall 
(1994) stated that the Grassland Biome follows a rainfall gradient. 
 
Sour grasses tend to dominate, with a mean annual rainfall above 625 mm, whereas 
if the annual rainfall is below 625 mm, sweet grasses are more common (Rutherford 
and Westfall, 1994).  
 
Fire and grazing are not the only attributes contributing towards the lack of woody 
components within the Grassland Biome. Heavy frost due to low temperatures 
(O'Connor and Bredenkamp, 1997), and the difference between day and night 
temperatures in winter makes the survival rate for woody components very difficult 
(Hugo et al., 1997). 
 
2.4.1 Temperature 
 
Topography and aspect influences temperature. Temperature varies with altitude, 
following a trend of decreasing temperatures with increasing altitude. The amount of 
heat that the ground can absorb is affected by aspect.  There is a marked difference 
between south and north facing slopes, particularly during the winter months in the 
southern hemisphere, where the sun does not shine directly onto the south facing 
slopes (Buckle, 1996). 
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According to Kellman (1975), temperature influences the types of plants that grow in 
certain areas.  He explains that plants will not be able to survive for extended periods 
in areas where temperatures become very high or low, or where the correct annual 
and diurnal temperature cycles do not prevail for species ontogeny. 
 
For this study, maximum and minimum temperatures were obtained from Lanseria 
(Tables 2.1 and 2.2) and Hartebeestpoort Dam (Tables 2.3 and 2.4) Weather 
Stations as these were the closest to the study area. 
 
Table 2.1 Average Maximum Temperature (◦C) of Lanseria Weather Station (1993, 
1994, 1995 and 2011). 
Maximum Temperatures 
Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1993 - - - - 24.4 19.7 20.9 20.1 28.6 25.9 28.9 28.8 
1994 26.9 26.4 27 24.7 22.3 18.3 18.4 21.1 26.6 25.8 27.2 29 
1995 28.8 29.6 26.3 - - - - - - - - - 
2011 - - - - - 19.2 18 19.7 26.3 - - - 
‘-‘ Indicates no data   
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Table 2.2 Average Minimum Temperature (◦C) of Lanseria Weather Station (1993, 
1994, 1995 and 2011). 
Minimum Temperatures 
Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1993 - - - - 6 1.7 3.9 3.1 9.8 14.4 13.8 16 
1994 15.8 15.5 13.5 9.7 4.7 0.9 -0.9 3.9 8.5 10.3 14.2 15.5 
1995 16.5 16.2 14.8 - - - - - - - - - 
2011 - - - - - 2.8 1.9 2.3 9.7 - - - 
‘-‘ Indicates no data   
 
Table 2.3 Average Maximum Temperature (◦C) of Hartebeestpoort Dam Weather 
Station (2009 – 2011). 
Maximum temp 
Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
2009 - - - - - - - - - - 30.1 31.7 
2010 31 31.5 30.5 26.1 25.9 20.6 21.1 24.9 29.8 32.5 31.3 31.2 
2011 30.5 31.9 30.9 25.2 23.8 20.8 - - - - - - 
‘-‘ Indicates no data   
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Table 2.4 Average Minimum Temperature (◦C) of Hartebeestpoort Dam Weather 
Station (2009 – 2011). 
Minimum Temp 
Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
2009 - - - - - - - - - - 16.4 17.5 
2010 18.8 18.2 16.5 13.8 10.3 2.3 4 5.1 12.1 15.5 16.6 17.4 
2011 18.1 17.4 16.6 13.2 7.4 2 - - - - - - 
‘-‘ Indicates no data   
 
2.4.2 Rainfall  
 
The climatic factor that has the most impact on vegetation is rainfall. The 
combination of rainfall and temperature gives a clear indication what the prevalent 
climate for an area is (Gertenbach, 1987). 
 
Total rainfall (Tables 2.5 and 2.6) was obtained from Lanseria and Hartebeestpoort 
Dam Weather Stations as these were the closest to the study area. 
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Table 2.5 Total Rainfall (mm) for Lanseria Weather Station (1993 – 1995). 
Total Rainfall 
Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1993 - - - - - - - - 21.8 168.2 76.9 40.2 
1994 119.2 125.5 55.3 54 - - - - 9.5 71.1 74.9 81.3 
1995 180.5 66.6 171.8 - - - - - - - - - 
‘-‘ Indicates no data   
 
Table 2.6 Total Rainfall (mm) for Hartebeestpoort Dam Weather Station (2001 – 
2011). 
Total Rainfall 
Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
2001 1 90.5 52 46 77.5 0 0 0 16 117 136 86 
2002 72 72 15.5 19.5 2 56 0 37.5 0 105 16 72.8 
2003 169 105 69 0 0 28 0 0 0 18 - 29.5 
2004 134.1 133.7 106.5 21.5 0 10.5 2 0 0 30 84 114 
2005 196 37 65 70 0 0 0 0 0 0 12.8 108.4 
2006 213.8 97.5 53 26.5 2.5 0 0 37.5 0 23 140.5 97.5 
2007 64 26 59 13.5 3 2 2 0 29 127 57 207 
2008 188 12 181 13 52 10 10 0 0 54.5 130 141 
2009 146.4 86 9.5 5 26.5 28.5 5 0 21 41 117 125 
2010 188 4.6 0 104.8 72.2 0.8 0.6 0 0 2.6 54.2 214 
2011 361.4 135 88.4 23.2 4 37 - - - - - - 
‘-‘ Indicates no data   
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2.5 Hydrology  
 
On the southern section of the study area, one perennial river flows from east to 
west into the Jukskei River (Figure 2.6). Natural erosion has created a small dam 
resulting in a newly formed habitat. Many smaller non-perennial rivers form 
tributaries to the Jukskei River.  The wetlands that occur within the study area add to 
the water availability and the diversity of vegetation in the area. 
 
Figure 2.6 Hydrology map of the study area. 
 
2.6 Topography (Figure 2.7) 
 
The study area lies between 1320 m to 1440 m above sea level (Figure 2.7).  The 
area is generally characterised by rocky undulating plains representing crests, 
slopes and valley bottoms with shallow, nutrient poor soils. Shallow drainage lines 
and wetland areas occur in the valley bottoms. Rockiness on the soil surface is a 
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common characteristic and is shared by most Bankenveld areas (Bredenkamp et al., 
2006). 
 
 
Figure 2.7 Topography of the study area. 
 
2.7 Geology  
 
The geological formations of the study area are indicated in Table 2.7. The geology 
of the study area was obtained from the published geological map sheet 2528CC for 
Lyttelton. The study area is underlain by rocks of different ages (Figure 2.8).  
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Table 2.7 Lithology of the study area. 
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The largest part of the study area falls within the Halfway House Granite Complex. It 
is considered an intrusive complex of the Basement Complex of the Swazian 
geological age, layered by mafic and ultramafic rocks, intruded by granitoids. The 
Complex consists of undifferentiated granite and gneiss. (South African Committee 
for Stratigraphy, 1980). 
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The Transvaal Sequence in the study area is represented by the Oaktree and Monte 
Christo Formation. These formations belong to the Malami Subgroup of the 
Chuniespoort Group and the Black Reef Formation. The Black Reef formation 
intercepts the Oaktree Formation and the Halfway House Complex. 
 
The Malmani Subgroup comprises of five formations which are distinguished on the 
basis of their chert content, as well as the presence or absence thereof, and the type 
of algal structures found in the dolomite (Eriksson, 1972).  
 
According to the South African Committee for Stratigraphy (1980), the term Black 
Reef does not refer to geographical locality, it is retained for historical reasons.  It 
refers to a miner’s term for an auriferous dark-coloured arenite and conglomerate, 
formally known as central Transvaal.  
 
This formation consists of quartzite with lenses of grit and conglomerate. Shale is 
always present, particularly near the top and in close contact with the overlying 
dolomite (South African Committee for Stratigraphy, 1980). 
 
A small section in the northern part of the study area forms one of the pretectonic 
granitoids consisting of syenite of the Mokolian erathum. It is normally called the 
Post-Transvaal Intrusion (South African Committee for Stratigraphy, 1980). 
 
Page 30 of 123 
 
 
Figure 2.8 Physical representation of the Lithology of the study area. 
 
2.8 Land Types 
 
The Department of Agriculture and Water Supply compiled an inventory of the natural 
factors that determine agriculture potential (Land Type Survey Staff, 1987). These 
factors are climate, terrain form and soil type. When these factors are combined, 
Land Types can be delineated that are more or less uniform with regard to terrain 
form, soil pattern and climate. The results were published as Memoirs on the 
Agricultural Natural Resources of South Africa (Land Type Survey Staff, 1987). Two 
Land Types are distinguished in the study area, namely Ba2 and Fa12 (Figure 2.9). 
These Land Types were obtained from the Land Types map of sheet 2526 
Rustenburg and 2528 Pretoria.  
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Ba2 land type occurs on the southern section of the study area (Figure 2.9). The 
geology is described as granite and migmatite of the Halfway House Granite 
Complex geological formation (Figure 2.8). Bb Land Types are characterised by 
undulating landscapes with gentle slopes. Yellow and Red apedal soils are mostly 
dominant in these Land Types. Fa Land Types include pedologically young 
landscapes that are not predominantly rock or predominantly alluvial or Aeolian in 
origin.  In Fa Land Types lime is not regularly encountered in any part of the 
landscape (Land Types Survey Staff, 1987). 
 
Fa12 occurs in the northern section of the study area and is found predominantly on 
dolomite and chert of the Malmani Subgroup geological formation of the 
Chuniespoort Group and Black Reef Formation (Land Types Survey Staff, 1987). 
 
 
Figure 2.9 Adapted Land Types map of the study area. 
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2.9 Soils 
 
According to Eksteen (2003), the topography and weathering of different geological 
substrate types resulted in complex soil patterns with soils varying significantly over 
short distances. Soils found in the study area (Table 2.8) are depicted in Figure 2.10. 
Soil depth has been identified as a major influence on Vegetation Types that may 
occur in an area.  
 
Table. 2 8 Soil identification using the Gauteng Conservation Plan (2012).  
Soil Abbreviation Soil Classification/Form 
AvB Avalon 
Gs/R Glenrosa 
KdA Kroonstad 
U Unidentified 
mHu34 Humic soils 
sGs15 Glenrosa lithic 
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Figure 2.10 Adapted soil map of the study area from Gauteng Conservation Plan 
(2012). 
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Chapter 3 Methods 
 
3.1 Introduction 
 
Plant communities differ from one another and can be placed into physiognomic-
physiographic units (Barbour et al., 1987; Kent and Coker, 1997). Bredenkamp 
(2001) suggested that plant communities differ from each other due to environmental 
factors, species composition and relative abundance of species.  Vegetation and the 
abiotic environment form habitats for animals, with combinations of plant species 
determining the presence of certain animal species (Bredenkamp, 2001). 
 
3.2 Sampling method 
 
A stratified random approach to sample site placement was used (Bredenkamp, 
1982; Bezuidenhout, 1993; Brown and Bredenkamp, 1994). Land Types were used 
as the primary unit of stratification (Bezuidenhout, 1993), with terrain types being 
used to further refine the stratification. Land Types (Land Type Survey Staff, 1984) 
were digitized into ArcGIS (Geographic Information System) shape files and a 
secondary layer depicting slope classes was created and over-laid. Stratification of 
the units was based on the physiography and physiognomy of the vegetation units 
(Barbour et al., 1987; Kent and Coker, 2002). 
 
Scale, heterogeneity and accuracy of the classification determined the number of 
sample plots surveyed (Bredenkamp, 1982). A number of sample plots were placed 
in each stratification unit to ensure that the vegetation unit was adequately sampled.  
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Optimal plot sizes suggested by Bezuidenhout and Bredenkamp (1990) were 
deemed to be 16 m² for Grassland vegetation and 100 m² for woodland vegetation. 
For this study a total of 116 sample plots of 100 m² were placed throughout the study 
area. Square plots were selected as they would meet the sampling objectives 
outlined in Kent and Coker (1992). Floristic data collection entailed placing 10m x 
10m plots in representative locations using the identification standards implied by 
Gibbs-Russel et al. (1985), and criteria that all plant species must be rooted within 
the plot (Bredenkamp, 1982).  
 
The total number of plots selected is dependent on many factors, however the end 
result must be an adequate representation of the vegetation concerned 
(Bredenkamp, 1982). The number of plots per slope class within each Land Type 
was allocated on a pro-rata basis (Bezuidenhout, 1993; Coetzee, 1974). The exact 
positioning of each plot was positioned subjectively but in such a way that it was an 
accurate representation of the surrounding vegetation (Werger, 1973). As the exact 
boundaries of each Land type and slope class within each Land type are difficult to 
ascertain in the field, a GIS based approach was employed. 
 
The latitudinal and longitudinal co-ordinates for the centroid of each selected slope 
class per land type polygon, as well as the distance measurement to the nearest 
boundary concerned was measured in the selected shape file/s.  
 
This provided the means to directly travel to the middle of each selected unit of 
stratification in the field, using a GPS, and thereafter know the radial distance within 
which to place the representative plot (should one be found) whilst still being certain 
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that the desired Land type was being sampled. Samples falling within steep slope 
class were specifically placed to provide adequate representation of all major 
aspects, namely, North, South, East and West to account for expected topographic 
vegetative variation (Bridge and Johnson, 2000; Dirnbock et al., 2002). 
 
All species occurring in the plots were identified and recorded on site, but where 
identification was not possible, specimens were collected for further identification or 
verification. Unidentified species were taken to the National Herbarium (Pretoria) for 
identification. Family and Genus names conform to the APG (The Angiosperm 
Phylogeny Group) II (2003) and the species names are in accordance to the 
PRECIS list on the SANBI website as valid in December 2014. 
 
3.3 Habitat Survey 
 
Geology, land types, topography (landform, aspect and slope), and altitude were 
recorded for each plot. Additional characteristics recorded include degree of erosion, 
rockiness, soil texture, disturbance, trampling and animal activity (if any). 
 
Soil texture was estimated (Table 3.1) whereby a small amount of soil was obtained 
from the A-horizon and wetted. This was then rolled in the palm of the hand and the 
ability to form a “sausage” and bend without breaking was used to estimate the 
approximate clay percentage of the sample (Foth et al., 1978). 
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Table 3.1 Soil clay percentage estimation scale (Foth et al., 1978). 
Class 1. Sand 2. Loamy- 
Sand 
3. Sandy-
loam 
4. Sandy-
clay loam 
5. Sandy- 
Clay 
6. Clay 
Clay % 0 – 6 6 -10  10 – 20 20 - 35 35 - 55 >55 
 
An estimation of the rockiness on the soil surface was estimated and expressed as a 
percentage rocks and/or stones covering the total sample plot. 
 
3.4 Floristic Survey 
 
The Zürich-Montpellier or Braun-Blaunquet method is an efficient and reliable 
method for vegetation classification and surveys (Werger, 1974). This method has 
been widely used in South Africa and successfully applied to the Grassland Biome 
(Bezuidenhout, 1988; Grobler et al., 2002; Filmalter, 2010). A modified Braun-
Blanquet cover abundance scale was used for capturing vegetation cover in the 
various plots (Table 3.2).  
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Table 3.2 Modified Braun-Blanquet cover abundance scale symbols and values 
(Mueller-Dombois and Ellenberg, 1974). 
Class Description 
r One or few individuals with less than 1% cover of the quadrant area. 
+ Species occur occasionally with less than 1% cover of the total area. 
1 
Abundant, but with a low cover or less abundant but with a great cover, but 
less than 5% of the total quadrant area. 
2a Abundant, but with 5 – 12% cover of the total quadrant area. 
2b Abundant, but with 13 – 25% cover of the total quadrant area. 
3 26 – 50% cover of the total quadrant area. 
4 51 – 75% cover of the total quadrant area. 
5 76 – 100% cover of the total quadrant area. 
 
3.5 Floristic Analysis 
 
Collected plot data was captured into the TURBOVEG database (Hennekens and 
Schaminée, 2001). These authors describe this database as a matrix of columns for 
the plots, with rows representing the various plant species. 
 
Captured TURBOVEG data was exported into a file for processing in the JUICE 
program (Lubomír, 2002). JUICE is a multifunctional editor of phytosociological 
tables that uses TWINSPAN (Weighted Two-way Indicator Species Analysis), a 
classification algorithm written by Hill (1979), to derive a first approximation of the 
plant communities. 
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The Braun-Blanquet process was used to refine the first approximation of the plant 
communities generated in JUICE, resulting in a phytosociological table. Different 
plant communities were identified and described using the phytosociological table 
and the habitat information collected for the plots (Kent and Coker, 1997). Dominant, 
diagnostic and characteristic plant species were used to define the various plant 
communities (Westhoff and Van Der Maarel, 1978).   
 
It should be noted that plant species are mostly restricted to a specific Plant 
Community, but that overlapping between communities does occur, and that when a 
species overlaps, it does not necessarily have a high diagnostic value.  
 
3.6 Plant Community ordination 
 
To generate ordination graphics for the different plant communities occurring at the 
study site, a constrained correspondence analysis (CCA) was done using the R 
package Vegan. The method is based on Chi-square distances and uses weighted 
linear mapping.  
 
Interpretation of ordination graphics:  
 the length of the vectors representing the different environmental variables 
indicates their importance to the ordination - environmental variables with 
longer vector lines are more important than those with shorter vector lines   
 the angles between the different environmental vectors indicates their 
correlation with one another - small angles indicate strong positive 
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correlations, angles between vectors that are 90 or 270 degrees indicates no 
correlation, and angles of 180 degrees indicate strong negative correlation.   
 
Clustering of relevés in the various plant communities was investigated using a 
series of hierarchical clustering dendrograms. Community dendrograms graphically 
present the grouping of relevés within the Community being examined. Vertical line 
lengths and the range of the (dis)similarity axis indicate the strength of the clustering. 
Long vertical lines at the top of the dendrogram indicates well separated relevés, 
while short lines indicate relevés that are not distinctly separated. 
    
3.7 Plant Community diversity 
 
The Shannon Wiener Diversity Index was calculated for the plant communities 
surveyed using the following formula: 
 
Diversity	H = −෍ pilnpiୗ
୧ୀଵ
 
 
Where: Diversity H = Shannon Wiener Diversity Index 
  s = the number of species 
  pi = proportion 
  n of individuals or abundance of the total sample belonging to the ith species 
             ln – log base10 
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3.8 Species evenness 
 
Species evenness was calculated for the sampled communities using the following 
formula: 
 
E = - ∑ ୮୧୪୬୮୧
౏
౟సభ
୪୬ୱ
 
 
Where: E = Species evenness 
  s = the number of species 
  pi = proportion of individuals or abundance of the total sample belonging to   
the ith species 
             ln – log base10 
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Chapter 4 Vegetation Classification and Description 
 
4.1 Introduction 
 
Classification of vegetation is important for many land use practices and is essential 
for vegetation conservation and utilization (Danckwerts, 1989; Siebert et al., 2003). 
South African vegetation has been categorized into nine Biomes namely Forest, 
Albany Thicket, Desert, Savanna, Grassland, Indian Ocean Coastal Belt, Nama-
Karoo, Succulent Karoo and Fynbos (Mucina and Rutherford, 2006). Within Biomes, 
various plant communities exist which each has its own ecological production and 
potential. 
 
A Plant Community is defined as a collection of plant populations found in a habitat 
type in a particular area with coinciding climatic and environmental conditions. Plant 
populations in a community are integrated to a degree by competition, 
complementation and dependence (Chapman and Reiss, 1995; Mucina and 
Rutherford, 2006). Plant communities exist as a result of the prevalent climatic 
conditions in an area, and as a result of disturbances, whether anthropogenic or as a 
result of the interactions between animals and their habitats (Kent, 2012). 
 
Plant Community descriptions, their associated habitats, and a vegetation inventory 
should form the basis of a scientifically based environmental management strategy 
for any natural area. Vegetation classification is a precursor to, and a guiding 
principal for any long term monitoring and evaluation program (Brown et al., 2013). 
According to Brown and Bredenkamp (2004), plant communities represent 
ecosystems, and knowledge of these communities with the understanding of 
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potentially associated environmental factors, allows for the successful management 
of these areas, especially considering that different ecosystems react differently to 
varying management practices (Bredenkamp, 1982; Bezuidenhout, 1993). 
 
Mapping and describing plant communities provide an inventory of floristic diversity 
for an area, and should be related to the management objectives for the area. Where 
plant communities and community variations are similar in terms of environmental 
factors, these communities should be grouped together to form management units 
(Brown, 1995; Cauldwell et al., 1998). Cauldwell et al. (1998) states that this would 
be appropriate specifically to Community variants based on forbs, but that main plant 
communities should rather be kept distinct as their occurrence is due to specific 
environmental factors that determine the floristic attributes of the particular 
community.  
 
The planning of any biological monitoring endeavour requires as much biological 
information as possible to be available before proceeding with the actual monitoring 
itself. Available information should be responsible for determining the location and 
type of sampling sites, and the type of sampling strategy to be implemented 
(Spellerberg, 1993).  An ecological survey and the phytosociological classification of 
an area can add value to the development planning of the site, as well as the 
ongoing management thereof (Groves, 2003). 
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4.2 Vegetation Classification and Description 
 
A total number of 321 species were identified in 116 relevés. The results of the 
vegetation classification are presented in a phytosociological table (Table 4.1) and 
are indicated on a vegetation map (Figure 4.1). From the modified TWINSPAN 
classification analysis, five major plant communities were identified of which one 
Community could be divided into two sub-communities. The plant communities, sub-
communities and variants could be related to specific environmental factors:   
 
1. Schoenoplectus corymbosus–Berkheya radula Wetland. 
1.1 Schoenoplectus corymbosus–Berkheya radula–Urochloa 
mosambicensis Sub-Community. 
1.2 Schoenoplectus corymbosus–Berkheya radula–Imperata cylindrica 
Sub-Community. 
2. Eragrostis lehmanniana–Acacia caffra Woodland. 
3. Elephantorrhiza elephantina–Hyparrhenia hirta Grassland. 
4. Stoebe vulgaris–Hyparrhenia hirta Grassland. 
5. Ziziphus zeyheriana–Hyparrhenia hirta Grassland. 
 
The study site is a large Grassland area with wetlands, drainage lines and woodland 
areas that form a mosaic pattern within the Grassland. 
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Table 4.1 Phytosociological table for the study area. 
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Figure 4.1 Vegetation map for the study area.  
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1. Schoenoplectus corymbosus – Berkheya radula Wetland. 
 
This Wetland Community is located in the lower-lying drainage areas in the southern 
and western sections of the study area. It occurs on dark clay soils with high water 
content. The area is either permanently or seasonally wet. The geology is underlain 
by granite. 
 
Species from Species Group A are diagnostic and include the forbs Berkheya radula, 
Conyza podocephala, Senecio erubescens, Verbena bonariensis and Persicaria 
lapathifolia; and the sedges Schoenoplectus corymbosus and Cyperus congestus. 
 
The vegetation in this Community is dominated by the grass Hyparrhenia hirta 
(Species Group M) and the forb Berkheya radula and the sedge Schoenoplectus 
corymbosus 
 
(Species Group A). The grass layer covers 30% of the Community while the forb 
layer covers 45%. The grasses Themeda triandra and Eragrostis lehmanniana 
(Species Group M) together with the forbs Persicaria lapathifolia and the sedge 
Cyperus congestus (Species Group A) are locally prominent. 
 
This Community is burnt on a regular basis during the dry winter months due to 
uncontrolled fires and the slope that the Community lies on. Trampling and 
overgrazing occurs on some areas due to the area being utilised by cattle farmers for 
grazing purposes during winter months. 
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Several medicinal plants occur in this Wetland Community including Boophone 
disticha (Species Group I), Scabiosa columabaria (Species Group I), and Vernonia 
oligocephala (Species Group J). The forb Centella asiatica and the shrublet Lippia 
javanica are both medicinal plants that were found within this Community but were 
not specifically grouped (refer Annexure 2). 
 
On an initial site visit in 2009, Working on Wetlands was rehabilitating the wetland 
using gabion constructions in the upper catchment. During the field work of 2011, it 
was noticed that the wetland area improved in terms of re-vegetation of the wetland 
and erosion has been reduced. 
  
During 2009, it was noticed that the declared weed Campuloclinium macrocephalum 
(category 1) was present in high numbers, especially in the wetland areas. During 
the summer of 2009, the Gauteng Department of Agriculture and Rural Development 
(GDARD) started a clearing operation. Follow up later during the course of 2009 as 
well as in 2010 indicated that the infestation had been noticeably reduced to just a 
few individuals. 
   
Community 1 can be divided into two sub-communities with a mosaic distribution 
pattern that could not be mapped separately. 
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1.1 Schoenoplectus corymbosus–Berkheya radula - Urochloa 
mosambicensis Sub-Community. 
 
 
Diagnostic species include the grasses Leersia hexandra and Urochloa 
mosambicensis and the sedges Cyperus denudatus and Cyperus longus (Species 
Group B). This Sub-Community is characteristic for permanently waterlogged areas 
and mostly comprises obligate water plants as listed above.  
 
The grasses Hyparrhenia hirta, Themeda triandra and the forb Nidorella anomala 
(Species Group M) are also present and prominent in some areas. The category 2 
alien invasive tree Populus alba (not listed in Table 4.1, but indicated in the complete 
data set in Annexure 2) is present in some localities where it has partially displaced 
the natural vegetation. 
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1.2 Schoenoplectus corymbosus - Berkheya radula - Imperata cylindrica 
Sub-Community. 
 
 
Species from Species Group C are diagnostic and include the grasses Eragrostis 
plana, Paspalum dilatatum; Brachiaria brizantha, Imperata cylindrical, the forb 
Trifolium Africana, and the sedge Fuirena pubescens. Similar to the previous Sub-
Community, this Sub-Community is seasonally waterlogged. The grasses 
Hyparrhenia hirta and Themeda triandra (Species Group M) are present. Although 
the common weed Verbena bonariensis (Species Group A) occurs in both the 
Wetland sub-communities, it is predominantly found within this Sub-Community. 
 
Grazing pressure in this Sub-Community is relatively low due to the high water level, 
but these drainage lines become heavily utilised in the winter months when cattle 
farmers use the area for grazing. 
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2. Eragrostis lehmanniana - Senegalia caffra Woodland. 
 
 
 
This Woodland Community occurs mostly in the northern section of the study site 
with smaller scattered areas in the southern part of the study site. It has various 
microhabitats created by the different types of geological formations. Microhabitat 
subsection include bush clumps that occur on rocky outcrops on granite, woodland 
that occurs on the transitional zone between granite and dolomite with geology 
resembling that of shale, and woodland that occurs on dolomitic geological faults. 
  
Diagnostic species for this Community include the woody Senegalia caffra, 
Asparagus suaveolens, Searsia lancea, Dombeya rotundifolia, Searsia pyroides, 
Grewia flava, Lippia rehmannii, and the forbs Tagetes minuta, Athrixia elata and 
Tithonia rotundifolia (Species Group D). The vegetation is dominated by the tree 
Senegalia caffra (Species Group D) and the grass Eragrostis lehmanniana (Species 
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Group M). Prominent species include the grasses Setaria sphacelata, Themeda 
triandra, and Hyparrhenia hirta (Species Group M), Melinis repens, Heteropogon 
contortus, Cymbopogon caesius and the forb Aloe davyana (Species Group K). 
 
Depending on the geology three different subsections of this Plant Community within 
the study area were observed. Although they are all dominated by the tree Senegalia 
caffra and the grass Eragrostis lehmanniana (species group M), there are slight 
variations in terms of their plant species composition. 
 
In one of the subsections small patches of bush clumps occur on rocky granite 
outcrops. The rockiness of these outcrops assists tree seedlings to withstand fire. 
The tree Searsia lancea (Species Group D) is prominent within this subsection. 
Although not recorded in any sample plots, the orchid Bonatea speciosa var. 
antennifera was found growing only in these rocky granite outcrops. 
 
The transitional zone between granite and dolomite geology is another subsection of 
this woodland. This formation has high fluvial sedimentation which results in nutrient 
rich soil for the survival of tree seedlings. The tree Vachellia karroo (Species Group 
E) is a prominent species in this woodland subsection. 
 
The third subsection occurs on the fault lines of the dolomitic areas. These faults 
occur due to tectonic shifts in the earth’s crust, creating a unique habitat for the 
woody species found in the area. Predominant species in this subsection are 
Senegalia caffra (Species Group D) and Gymnosporia buxifolia (Species Group E). 
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Alien invasive plants such as Opuntia stricta (prickly pear) and Cereus jamacaru 
(Queen of the night) were noticed within this Community, but were not recorded in 
any of the sample plots. The forb Bidens pilosa and Tritonia nelsonii (not recorded 
within any Species Group, but in Annexure 2) were only found in this Woodland 
Community Subsection on the geological fault lines. The category 3 invader tree 
Morus alba (not listed in Table 4.1, but indicated in Annexure 2) was also present in 
some localities. 
 
The tree Dichostrachys cinerea is considered a bush encroacher (Joubert and 
Zimmerman, 2002). According to the Conservation of Agricultural Resources Act 
(Act Number 43 of 1983), Senegalia caffra are an indicator of bush encroachment in 
North West Province, Limpopo Province, Mpumalanga and Kwazulu Natal.   
 
The constant presence of the woody Senegalia caffra might be an indicator of 
possible encroachment into this subsection. The reason for the high density of Aloe 
davyana could be as a result of overgrazing by cattle. During fieldwork it was noticed 
that there were up to 100 cattle and a large number of goats and sheep grazing in 
the study area.  
 
A rough utilization estimate was done using the Gauteng Department of Agriculture 
and Rural Development’s Game Stocking Tool (2011). It was concluded that the 
area is over utilized and measures need to be taken to lower the number of the 
animals to within the carrying capacity for the area. 
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3. Elephantorrhiza elephantine - Hyparrhenia hirta Grassland. 
 
 
This Grassland is located in the northern section of the study area with an altitude 
that ranges between 1 360 m –1 620 m above sea level. This Community is open 
and fairly dry Grassland situated on a northern aspect on gradual slopes with small 
rocky outcrops present.   
 
This Grassland is characterised by slight undulating plains dissected by prominent 
rocky ridges and occurs on the Fa12 Land Type with red or yellow apedal soils. 
 
Diagnostic species for this Community include the woody Elephantorrhiza 
elephantina, the grass Stipagrostis uniplumis and the forbs Raphionacme hirsuta, 
Commelina erecta and Pellaea calomelanos, and the geophyte Xerophyta retinervis 
(Species Group F). 
 
 
Page 57 of 125 
 
 
The vegetation is dominated by the dwarf shrub Elephantorrhiza elephantina 
(Species Group F), the grasses Hyperhenia hirta (Species Group M), Heteropogon 
contortus and the forb Aloe davyana (Species Group K). The grasses Eragrostis 
lehmanniana, Setaria sphacelata (Species Group M), Melinis repens and 
Trichoneura grandiglumis (Species Group K), and the forbs Rhynchosia monophylla 
(Species Group M) and Oxalis depressa (Species Group L) are locally prominent.  
 
It has been noted that this Community is burnt on an annual basis by thatch grass 
harvesters that utilise this type of grass for their businesses.  
 
Medicinal plants that occur in this Community include Elephantorrhiza elephantina 
(Species Group F) and Asparagus suaveolens (Species Group E). During field work 
in 2011 it was noticed that Elephantorrhiza elephantina (Species Group F) has been 
harvested extensively in certain areas of this Community. A new distribution area of 
the orange listed orchid Habenaria kraenzliniana (Species Group L) has been 
recorded for this Community. 
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4. Stoebe vulgaris – Hyparrhenia hirta Grassland. 
 
 
This Community covers a relatively large area in the lower southern section of the 
study area. The Schoenoplectus corymbosus – Berkheya radula – Imperata 
cylindrica Sub-Community (Community 1.1) is located within this Community. Due to 
the rehabilitated wetland in the upper catchment, the lower lying areas of this 
Community closer to Sub-Community 1.2 have become seasonally waterlogged. 
This Grassland occurs on the Ba2 Land Type. The alluvial soils are deep and sandy 
loam.  
 
Species from Species Group G are diagnostic and include the grass species 
Eragrostis gummiflua, E. rotifer and Panicum natalense; the forbs Eriosema 
cordatum, Convolvulus sagittatus subsp. sagittatus, and Zornia milneana. 
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This Grassland Community is characterised by the dominance of the grasses 
Hyparrhenia hirta, Eragrostis lehmanniana (Species Group M) and Trichoneura 
grandiglumis (Species Group K). The grass Eragrostis gummiflua and the dwarf 
shrub Stoebe vulgaris (Species Group G) are locally prominent. These species are 
indicators of overgrazed conditions (Van Wyk and Malan, 1998; Van Oudtshoorn, 
2012). 
 
The medicinal plants Boophone disticha, Dicoma anomala (Species Group H), and 
the geophytes Hypoxis argentea (Species Group G) and Hypoxis rigidula (Species 
Group L), are all found within this Community. 
 
This Community acts as a catchment area for the lower lying Schoenoplectus 
corymbosus – Berkheya radula Wetland (Community 1) with smaller dry drainage 
channels present in some localities. The common reed Phragmites australis (not 
listed in Table 4.1 but indicated in Annexure 2) occurs in one moist area of this 
Community close to the Wetland Community (Community 1). This reed is a 
cosmopolitan plant species that flourishes in wetlands forming a monospecific reed 
bed that easily dominates other plant species (Den Hartog et al, 1989). 
 
 
 
 
 
 
 
 
Page 60 of 125 
 
 
5. Ziziphus zeyheriana - Hyparrhenia hirta Grassland. 
 
 
This Grassland Community is located on the central section of the study area with an 
altitude that varies from 1328 m - 1603 m above sea level. The Community is 
characterised by rocky undulating plains representing slopes and lower lying areas. 
It has a very shallow, rocky, nutrient poor soil that is light coloured. This Grassland 
occurs on the Ba2 Land Type. Granite and gneiss rocks are well exposed in this 
Community. Rocky habitats have a high diversity of woody species including 
scattered individuals of Searsia leptodictya (Species Group E). 
  
Species from Species Group I are diagnostic and include the dwarf shrub Ziziphus 
zeyheriana, the grass Andropogon schirensis, and the forbs Senecio venosus and 
Striga elegans that are locally prominent. 
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The vegetation is dominated by the grasses Hyparrhenia hirta (Species Group M) 
and Brachiaria serrata (Species Group J), while the dwarf shrub Ziziphus zeyheriana 
(Species Group I) is co-dominant. Other prominent species include Eragrostis 
racemosa, Bulbostylis burchelli and Gazania krebsiana (Species Group H). The 
herbaceous layer covers 30% of the area and the forb layer 45%. 
  
Small pockets of the Eragrostis lehmanniana-Aloe davyana woodland (Community 2) 
occurs on rocky outcrops within this Grassland.  
 
4.3 Discussion  
 
The differences between floristically defined plant communities are mainly correlated 
with habitat variables such as Land Types, altitude and topography which include 
landform, aspect and slope.   
 
A predominant feature of the study area is that the vegetation consists of a mosaic 
pattern of Grassland and woodland. Evidently, these communities are controlled by 
microclimate. O’Connor and Bredenkamp (2003) noted this feature within 
Bankenveld vegetation. The Woodland Community and its subsections are sheltered 
within warmer valleys, rocky outcrops and slopes, whereas the Grassland 
communities occur on more exposed areas. Grobler (2006), and Bredenkamp and 
Brown (2003), stated that Bankenveld is a transitional zone between the Grassland 
and Savanna Biomes. 
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An association can be made between the different plant communities that where 
identified and the Land Types.  Plant communities 1 (Sub-Communities 1.1 and 1.2), 
3 and 5 represents land type Fa12 (Land Type Survey Staff, 1988). Plant 
Communities 2 and 4 occurs mostly on land type Bb2. 
 
4.3.1 Affinities between plant communities 
 
Floristic affinities exist between the various plant communities indicated in table 4.1. 
Species from species group A (Schoenoplectus corymbosus, Berkheya radula) are 
found in both Sub-Communities 1.1 and 1.2. These Sub-Communities are located 
adjacent to one another.  Sub-Community 1.1 is permanently waterlogged and Sub-
Community 1.2 is mostly seasonally wet.  
 
Plant Community 2 (Eragrostis lehmanniana–Aloe davyana Woodland) has affinities 
with the Elephantorrhiza elephantina–Hyparrhenia hirta Grassland (Plant Community 
3) due to the presence of species from species group E. The tree Vachellia karroo , 
the grass Digitaria eriantha and the forb Ipomoea ommaneyi are locally prominent 
within each of them. These two communities are located adjacent to each other with 
more rocky outcrops in Community 2 (which is a woodland) than the Grassland 
(Community 3). 
 
Species group K is represented in plant communities 2 - 5.  Species such as Melinis 
repens, Cymbopogon caesius, Heteropogon contortus and Aloe davyana are well 
represented in these plant communities.   
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Plant communities 3 to 5 are affiliated and all share species from species group J.  
These species include Brachiaria serrata, Aristida canescens, Schizachyrium 
sanguineum and Pogonarthria squarrosa. These communities are all Grassland 
communities occurring adjacent to each other.  
 
Species group I is present in Plant Communities 4 and 5. Species such as 
Helichrysum rugulosum, Eragrostis racemosa, Chamaecrista comosa and 
Wahlenbergia undulata occurs in these Plant Communities.  Wahlenbergia undulata 
is often found in seasonally moist areas (Van Wyk and Malan, 1988). 
 
All plant communities at the study site are affiliated with each other through species 
group I. Hyparrhenia hirta is found predominately in all the Plant Communities. Other 
species such Themeda triandra, Eragrostis lehmanniana are also prominent in all the 
Plant Communities. 
 
4.3.2 Herbaceous layer 
 
Increaser 2 and Increaser 3 grass species are relatively abundant compared to 
Decreaser grass species (Figure 4.2). This might be attributed to previous 
mismanagement due to overgrazing (Increaser 3) of the area.  It can also relate to 
the lack of grazers in the area (Increaser 1). These Grasslands are however located 
in higher rainfall areas with most of the climax species being Increaser 1 or 2 
species. The prominence however, of the anthropogenic grass Hyparrhenia hirta 
throughout the area indicates previous mismanagement. 
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Figure 4.2 Relative proportions of the ecological classes of study area's grasses. 
 
The presence of the grass Cynodon dactylon in plant communities 4 and 5 indicates 
that the area is overgrazed with large sections trampled.  Wild fires were observed 
during the study period resulting in the prominence of the fire climax grass Themeda 
triandra (species group M).  Van Oudtshoorn (2004) states that Increaser 1 grasses 
normally grow in sandy, moist soil conditions. 
 
According to Van Oudtshoorn (2004) the grass Paspalum dilatatum (species group 
C) is regarded as an exotic species which does not occur naturally in South Africa.  
This grass grows in moist habitats. 
 
4.4 Conclusion 
 
An average of 35 species per 100m² was identified in the study area, with the 
highest number of species being 40 species per 100m² in Community 5.  
Increaser 1
Increaser 2
Increaser 3
Decreaser
Open
Exotic
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The Ziziphus zeyheriana-Hyparrhenia hirta Grassland (Community 5) is 
characterised by a high species richness in comparison with the other communities. 
The Community is dominated by a variety of grass species, has a large variety of 
forbs, and is underlain by granite. This Community is typical of the endangered Egoli 
Granite Grassland (EGG) vegetation type as described by Bredenkamp et al. (2006) 
and Mucina and Rutherford (2006). Cattle are often found within this Community, but 
the vegetation has a low nutrient status during winter due to the dominance of sour 
grass species. 
 
The Elephantorrhiza elephantine - Hyparrhenia hirta Grassland (Community 3) has 
relatively low species richness with an average of 15 species per plot compared to 
the Ziziphus zeyheriana - Hyparrhenia hirta Grassland (Community 5) that had an 
average of 40 species per plot indicating the high diversity of Egoli Granite 
Grassland (EGG) compared to that of other Hyparrhenia hirta dominated 
Grasslands. Single individuals of the woody species Vachellia karroo  and Searsia 
leptodictya (Species Group E) occur scattered within this Community and are seldom 
damaged by fire due to the high percentage of rock cover that provides shelter 
against fire. 
 
The temperate Grasslands of southern Africa are structurally fairly conservative and 
uniform (O’Connor and Bredenkamp, 1997), comprising single-layered herbaceous 
communities of tufted graminoids (predominantly perennial grasses of the Family 
Poaceae), as well as a forb component of mostly long-lived perennials that re-appear 
on an annual basis from significant below-ground biomass (corms, rhizomes, tubers 
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or bulbs) until the end of their life-span, but are heavily reliant on the production and 
establishment of viable seed for recruitment. 
 
Bredenkamp and Brown (2003) consider Bankenveld vegetation as a mosaic of 
Grassland and woodland communities controlled by micro climatic conditions that 
exist in the topographically heterogeneous landscape in the transition zone between 
the Grassland and Savanna Biomes. 
 
These Grasslands are characterised by the tall-growing dominant grass Hyparrhenia 
hirta and the invader dwarf shrub Stoebe vulgaris, indicating their low successional 
status or degraded condition (Bredenkamp et al., 2003). The Plant Communities of 
the study area all belong to the Bankenveld vegetation. Large parts of the site have 
been subjected to various human-induced actions that has led to degradation of the 
vegetation and the Grasslands becoming dominated by the grass Hyparrhenia hirta.  
 
The different plant communities identified all have affinities with each other while 
there is a clear distinction between the Egoli Granite Grassland (EGG) areas and 
other Hyparrhenia hirta dominated Grasslands. Topography, geology and land type 
also play a major role in the distribution and species composition of the different 
plant communities of the study site. The different plant communities all form part of 
the larger Bankenveld ecosystem and affect the existence of the (EGG). It is 
recommended that the study area be conserved and a proper management plan 
implemented to ensure its continued existence. 
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Chapter 5 Floristic Analysis and Biodiversity 
 
5.1 Introduction 
 
According to Brown et al. (1996), vegetation surveys provide valuable information on 
various plant communities and species present in an area, and this forms the basis 
for any management plan. A detailed floristic analysis was done for the study area as 
little information is readily available.  Plant lists provide important information on the 
floristic composition of a specific area. 
 
Floristic analyses are necessary to understand the diversity, medicinal value and 
conservation status of different plants in areas that are of interest from a biodiversity 
perspective. Plant and animal inventory lists are produced as part of diversity studies 
by various research groups, to fill gaps in biodiversity knowledge.  
 
Plant Community diversity encapsulates the terms species richness and species 
evenness (Kent, 2012). The concepts diversity, richness and evenness are 
accompanied with confusion and misunderstanding as to what they represent and 
their interpretation in terms of ecosystem stability (Hurlbert, 1971; Ghilarov, 1996; 
Kent, 2012). Plant Community diversity refers to the variety and abundance of 
different plant species found in a particular Plant Community (Gaston and Spicer, 
2004). Species richness refers to counts of the number of species found in the 
various plant communities in an area (Margurran, 2004). Species evenness refers to 
the relative abundance of species occurring within the various plant communities 
occurring in an area (Margurran, 2004).      
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A Plant Community has high species diversity if it contains a large number of more 
or less equally abundant plant species. When plant communities have only a few 
species or if only a few species are very abundant, then the diversity of such 
communities is considered low. Several indices for determining Plant Community 
species diversity have been devised. A simple totaling of the number of species 
found in plant communities gives species richness (Magurran, 2004). Various 
diversity indices can be calculated using species richness combined with relative 
abundance, the most widely used being the Simpsons Index of Diversity (D) and the 
Shannon Wiener Diversity Index (H). The Simpsons and Shannon indices account 
for both abundance and evenness of species present in the various plant 
communities. 
 
In this chapter I do a floristic analysis of the plants occurring at the study site. I 
generate and interpret ordination diagrams to see which environmental factors have 
the largest impacts on the different plant communities. Finally, I calculate Species 
Richness, Simpsons Index of Diversity, and the Shannon Wiener Diversity Index for 
the various communities sampled to determine functional diversity. According to 
Tilman (2001), functional diversity is defined as the components of diversity that 
influences how an ecosystem functions. From a vegetation perspective, knowing the 
plant species diversity for various communities found in an area provides valuable 
information for the management of such areas. In Grasslands where the numbers 
and types of grazers present are directly related to grass species present, diversity 
has an effect on the productivity and long term viability of such Grasslands.   
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5.2 Floristic analysis 
 
The study area comprised of 317 species being represented by 69 families and 198 
genera. An alphabetical list of flowering plants is shown in Table 5.1, and is 
represented by:   
 Pteridophyta representing 2 families and 2 genera,   
 Monocotyledoneae representing 14 families and 75 genera, 
 Dicotyledoneae is the largest order with 50 families being represented 
by 120 species. 
 
A complete species list for the study area is attached as Annexure 1. 
 
Table 5.1 Plant families identified in the study area. 
Pteridophyta     
2 Families; 2 Genera; 2 Species 
Family Genera Species 
Equisetaceae 1 1 
Pteridaceae 1 1 
   Monocotyledons     
14 Families; 75 Genera; 121 Species 
Family Genera Species 
Agavaceae (=Anthericaceae in part) 2 4 
Alliaceae 1 1 
Amaryllidaceae 1 1 
Asparagaceae 1 2 
Asphodelaceae 1 2 
Commelinaceae 2 5 
Cyperaceae 8 16 
Hyacinthaceae 3 5 
Iridaceae 4 6 
Juncaceae 1 2 
Orchidaceae 2 2 
Poaceae 43 64 
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Ruscaceae 1 2 
Velloziaceae 1 1 
Verbenaceae 4 8 
   Dicotyledons     
50 Families; 120 Genera; 193 Species 
Family Genera Species 
Acanthaceae 4 5 
Aizoaceae 1 1 
Amaranthaceae 2 2 
Anacardiaceae 2 4 
Annonaceae 1 1 
Apiaceae 1 1 
Apocynaceae 5 6 
Araliaceae 1 1 
Asteraceae 22 42 
Cactaceae 2 2 
Campanulaceae 1 1 
Capparaceae 1 1 
Caryophyllaceae 1 1 
Celastraceae 1 1 
Chrysobalanceae 1 1 
Convolvulaceae 2 5 
Crassulaceae 1 2 
Cucurbitaceae 4 4 
Dichapetalaceae 1 1 
Dipsaceae 2 2 
Ebenaceae 1 1 
Elatinacea 1 1 
Euphorbiaceae 3 3 
Fabaceae 16 35 
Gentianaceae 2 2 
Geraniaceae 1 2 
Hypoxidaceae 1 5 
Lamiaceae 3 5 
Lobeliaceae 2 2 
Lythraceae 1 1 
Malpighiaceae 1 1 
Malvaceae 8 11 
Moraceae 1 1 
Oleaceae 1 1 
Onagraceae 1 2 
Oxalidaceae 1 4 
Orobanchaceae 1 3 
Phyllanthaceae  1 1 
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Polygalaceae 1 2 
Polygonaceae 1 2 
Portulacaceae 2 2 
Ranunculaceae 1 1 
Rhamnaceae 1 2 
Rubiaceae 3 7 
Salicaceae 2 2 
Santalaceae 1 1 
Scrophulariaceae 2 3 
Solanaceae 1 3 
Thymelaeceae 1 1 
Vahliaceae 1 1 
Valerianaceae 1 1 
 
Classification Families Genera 
Pteridophyta 2 2 
Monocotyledoneae 14 75 
Dicotyledoneae 50 120 
 
The number of plant families contributing to the three plant divisions found in the 
study area is depicted in Figure 5.1. 
 
Figure 5.1 Plant divisions being reflected of the total number of families. 
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The number of different plant genera contributing to the three plant divisions found in 
the study area is depicted in Figure 5.2. 
 
 
Figure 5.2 The plant divisions indicating the number of genera reflected as a 
percentage. 
 
The largest plant families are represented by 10 or more plant species. Five plant 
families were determined as the largest plant families comprising of 168 species 
represent 49% of all plants recorded for the study area (Figure 5.3). The remaining 
64 families represent 51% of all plants recorded. 
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Figure 5.3 Dominant plant genera reflected as a percentage of all plant families.  
 
The main plant genera are also represented by 10 or more plant species. The five 
plant genera represent 55% of all plants recorded for the study area (Figure 5.4).  
 
  
Figure 5.4 Dominant plant species reflected as a percentage. 
 
The different grass species occurring at the study site from within the Poaceae family 
are indicated in Table 5.2. 
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Table 5.2 Genera for Poaceae. 
Genus Species Percentage 
Agrostis 1 1.5625 
Andropogon  1 1.5625 
Aristida  4 6.25 
Arundinella 1 1.5625 
Bewsia  1 1.5625 
Brachiaria  3 4.6875 
Chloris 1 1.5625 
Cymbopogon 2 3.125 
Cynodon  1 1.5625 
Dactyloctenium  1 1.5625 
Digitaria  1 1.5625 
Diheteropogon  1 1.5625 
Elionurus  1 1.5625 
Eragrostis  10 15.625 
Eustachys  1 1.5625 
Fingerhuthia  1 1.5625 
Hemarthria  1 1.5625 
Heteropogon  1 1.5625 
Hyparrhenia 3 4.6875 
Imperata  2 3.125 
Leersia  1 1.5625 
Loudetia 1 1.5625 
Melinis 1 1.5625 
Microchloa  1 1.5625 
Monocymbium 1 1.5625 
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Panicum 1 1.5625 
Paspalum 3 4.6875 
Pentarrhinum  1 1.5625 
Perotis  1 1.5625 
Phragmites  1 1.5625 
Pogonarthria  1 1.5625 
Schizachyrium  1 1.5625 
Setaria 2 3.125 
Sporobolus  2 3.125 
Stipagrostis 1 1.5625 
Themeda  1 1.5625 
Trachypogon  1 1.5625 
Tragus  1 1.5625 
Trichoneura 1 1.5625 
Triraphis  1 1.5625 
Urelytrum 1 1.5625 
Urochloa 1 1.5625 
Total 64   
 
An analysis of the flora for the study area shows that Poaceae is the largest family 
with 64 species from 42 families. This family represents 21% of the total flora.  
Asteraceae is represented by 42 species from 23 families, reflecting 13% of the total 
species. Fabaceae is represented by 33 species from 14 families, reflecting 11% of 
all recorded species. Liliaceae is represented by 16 species from 10 families, 
reflecting 5% of the total recorded species. Cyperaceae is represented by 15 species 
from 7 families, reflecting 5% of the total number of species recorded.   
 
 
Page 76 of 125 
 
 
Within Poaceae, the genus Eragrostis is most representative with 10 species 
(15.6%) recorded. Aristida is represented four species (6.25%). Brachiaria, 
Hyparrhenia and Paspalum are being represented by three species (4.69%). 
Cymbopogon, Imperata, Setaria and Sporobolus are represented by two species 
(3.12%). The remaining genera are represented by one species (1.52%) each. 
Asteraceae contains mostly annual and perennial forbs of the herbaceous layer. 
Fabaceae comprises mostly of woody plants. 
 
5.3 Medicinal plants and plants of ecological importance 
 
The South African traditional healing and muti-trade utilizes a variety of different 
medicinal plants for non-conventional treatments (Van Wyk et al., 2009). An array of 
different health and medical conditions are treated using extracts from various 
medicinal plants. Plant families at the study site with species containing medicinal 
properties are:   
         Acanthaceae (n=1)          Commelinaceae (n=4)          Poaceae (n=1)
         Amaryllidaceae (n=1)          Cucurbitaceae (n=3)          Rhamnaceae (n=1)
         Amaranthaceae (n=1)          Dipsaceae (n=1)          Vahliaceae (n=2)
         Asteraceae (n=8)          Ebenaceae (n=1)          Velloziaceae (n=1)
         Apiaceae (n=1)          Fabaceae (n=2)          Valerianaceae (n=1)
         Caesalpiniaceae (n=1)          Hypoxidaceae (n=1)
          Centianaceae (n=1)          Hypericaceae (n=1)
          Chrysobalanceae (n=1)          Lamiaceae (n=2)   
 
Noticeable medicinal plants found in the various plant communities occurring at the 
study site are described in chapter 4 in the descriptions for the different plant 
communities. 
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There are very few plants at the study site that are of ecological importance. 
Boophone disticha and Hypoxis hemerocallidea are both important because they are 
listed as declining species. Boophone disticha is declining because of unsustainable 
harvesting and habitat loss. Hypoxis hemerocallidea is declining in Gauteng due to 
commercial exploitation, and due to habitat degradation and loss. Oxalis deserticola 
is also noteworthy because it is a rare species that is range restricted.   
 
5.4 Plant Community ordination and hierarchical clustering 
 
Combined Community Ordination (Figure 5.5) indicates the relationships between all 
relevés and the different environmental variables (geology, land type, rockiness, 
altitude and soil) affecting them. Underlying geology, followed by percentage of 
rockiness are the two most important environmental variables influencing the 
combined community relevés at the study site (Figure 5.5). There is no correlation 
between geology and percentage rockiness for the combined community relevés. 
There are strong negative correlations between geology and slope, and between 
rockiness and altitude. There are week positive correlations between rockiness and 
slope, and between altitude and slope.     
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Figure 5.5 Combined Community ordination diagram. 
 
Community 1 ordination indicates that underlying geology and slope are the two 
most important environmental variables influencing Community 1 relevés (Figure 
5.6). There is no correlation between geology and slope for Community 1 relevés; 
however, as would be expected, altitude and slope are highly correlated. 
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Figure 5.6 Community 1 ordination diagram. 
 
The cluster dendrogram produced for Community 1 (Figure 5.7) indicates two main 
clusters, the first cluster consists of relevés 100, 99 and 98; the second relevés 101, 
83, 95 and 96. Cluster two shows a higher degree of heterogeneity. 
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Figure 5.7 Community 1 cluster dendrogram. 
 
Community 2 ordination indicates that underlying geology and slope are the two 
most important environmental variables influencing Community 2 relevés (Figure 
5.8). There is no correlation between geology and slope, and between geology and 
altitude for Community 2 relevés; however, geology and altitude are strongly 
correlated. 
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Figure 5.8 Community 2 ordination diagram. 
 
As for Community 1, the cluster dendrogram produced for Community 2 (Figure 5.9) 
indicates two main clusters, the first cluster consists of relevés 79, 80 and 82; the 
second relevés 78, 44, 45 and 88. Again, cluster two shows a higher degree of 
heterogeneity. 
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Figure 5.9 Community 2 cluster dendrogram. 
 
Community 3 ordination indicates that underlying geology and rockiness are the two 
most important environmental variables influencing Community 3 relevés (Figure 
5.10). There is no correlation between geology and rockiness, and between geology 
and altitude for Community 3 relevés; however, rockiness and altitude are strongly 
correlated. 
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Figure 5.10 Community 3 ordination diagram. 
 
The cluster dendrogram produced for Community 3 (Figure 5.11) indicates two main 
clusters, the first cluster consists of only relevé 48; the second contains all the other 
relevés representing the community. Cluster two shows a high degree of 
heterogeneity for Community 3. 
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Figure 5.11 Community 3 cluster dendrogram. 
 
Community 4 ordination indicates that slope and rockiness are the two most 
important environmental variables influencing Community 4 relevés (Figure 5.12). 
There are no correlations between slope and rockiness, between altitude and 
rockiness, and between geology and slope for Community 4 relevés. There are weak 
correlations between altitude and geology, and between geology and rockiness for 
the relevés in this Community. 
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Figure 5.12 Community 4 ordination diagram. 
 
The cluster dendrogram produced for Community 4 (Figure 5.13) indicates two 
clusters, the first cluster consists of two sub-clusters, the first sub-cluster contains 
relevés 64, 21 and 25, and the second sub-cluster contains relevés 115, 57 and 63. 
The second main cluster is notably heterogeneous, containing the remaining 24 
relevés for Community 4. However, this is not clear from the phytosociological table, 
and these clusters are regarded as a single community. 
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Figure 5.13 Community 4 cluster dendrogram. 
 
Community 5 ordination indicates that rockiness and geology are the two most 
important environmental variables influencing Community 5 relevés (Figure 5.14). 
There are no correlations between slope and rockiness, between altitude and 
rockiness, and between geology and rockiness for relevés in this Community. There 
is a weak positive correlation between geology and slope. Altitude is strongly 
negatively correlated to slope, and also has a negative correlation to geology. 
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Figure 5.14 Community 5 ordination diagram. 
 
The cluster dendrogram produced for Community 5 (Figure 5.15) indicates three 
main clusters, the first cluster consists of two sub-clusters, the first sub-cluster 
contains relevés 16, 13, 14 and 116, and the second sub-cluster contains relevés 43, 
58, 66, 35, 111, 28, 76, 105, 109, 12 and 108. The second main cluster is 
homogenous and contains only relevé 29. The third main cluster is very 
heterogeneous, containing a number of sub-clusters and the remaining 44 relevés 
for Community 5. 
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Figure 5.15 Community 5 cluster dendrogram. 
 
5.5 Species richness 
 
The number of species found in each community surveyed is depicted in Fig 5.16. 
These figures represent species richness. 
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Figure 5.16 The number of species found in the surveyed plant communities. 
 
Species richness and frequency distributions for the communities shown in Fig 5.16 
are reflected in Table 5.3.  
 
Table 5.3 Species richness, frequency distributions, deviation and standardized 
residuals for the communities surveyed. 
Community 
Species Richness / 
Observed Frequency(A) 
Expected 
Frequency(B) 
% Deviation  
(A – B) 
Standardized 
Residuals 
1.1 42 104.17 -59.68 -6.09 
1.2 49 104.17 -52.96 -5.41 
2 74 104.17 -28.96 -2.96 
3 86 104.17 -17.44 -1.78 
4 163 104.17 56.47 +5.76 
5 211 104.17 102.55 +10.47 
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There was a significant association between Species Richness and communities 
surveyed X2(5) = 221.02, p < 0.0001. Based on the standardized residuals, 
communities 4 and 5 are over represented (+5.76 and +10.47 respectively) and the 
main contributors to the association. Communities 4 and 5 are more species rich 
than the other communities surveyed.    
 
5.6 Plant Community diversity 
 
Results from the Shannon Wiener Diversity Index calculations for the different plant 
communities found at the study area are presented in Table 5.4 below. 
 
Table 5.4 Shannon Wiener Diversity Indices (H) for the plant communities sampled.  
Community 
Total all species 
(N) Sum of all n/N*ln(n/N) H (use negative) 
1.1 2450 -2.609 2.609 
1.2 2579 -2.621 2.621 
2 4187 -3.026 3.026 
3 10139 -2.953 2.953 
4 19532 -3.506 3.506 
5 43424 -3.600 3.600 
 
The association between Shannon-Wiener Diversity Index values for the 
communities surveyed was not significant X2(5) = 0.29, p = 0.998. From a diversity 
index perspective the communities are not noticeably different; however, Community 
4 has an H = 3.506 and Community 5 has an H = 3.600 which is higher than the 
other communities sampled. Communities with higher Shannon-Wiener diversity 
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indices are more diverse than communities with lower values. The results correlate 
with the community species richness values from the previous section.   
 
5.7 Species evenness 
 
Species evenness values were calculated for the different plant communities found 
at the study site, and are depicted in Table 5.5. 
 
Table 5.5 Species evenness values for the sampled plant communities.  
Community H Evenness (E) 
1.1 2.609 0.698 
1.2 2.621 0.673 
2 3.026 0.703 
3 2.953 0.663 
4 3.506 0.688 
5 3.600 0.673 
 
Species from Community 2 are the most evenly distributed, followed by Sub-
Community 1.1. Lower species evenness values indicate that less species dominate 
in the particular communities with the lower values (Banerjee and Srivastava, 2010).  
 
5.8 Conclusion  
  
Mucina and Rutherford (2003) stated that Grasslands are strongly dominated by 
grasses (family Poaceae), and are structurally simple.  Woody species are limited to 
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specialised niches or habitats. The herbaceous layer comprises of annual and 
perennial grasses and forbs that survive the dry seasons by dying back to the 
ground or as seeds. Cowling et al. (1989) determined that data on the patterns and 
maintenance of species richness in the Grasslands of South Africa are relatively 
sparse. Bredenkamp et al. (2006) stated that disturbed Grasslands or other 
disturbed areas such as road reserves or old fields, not cultivated for some years, 
are also usually low in species richness, and more often than not dominated by 
Hyparrhenia species. 
 
Dense Hyparrhenia species-dominated Grasslands mostly have low species 
richness, with only a few other species able to establish or survive in the shade of 
the dense sward of tall grass. Most of these species are relict pioneers or early seral 
species (Bredenkamp et al., 2006). 
 
Egoli Granite Grassland (EGG) has a woody layer with a very low cover, consisting 
of small clumps of indigenous trees and shrubs that are widely scattered within these 
Grasslands. Shallow, nutrient-poor soils provide a habitat suited to the climax 
vegetation found in these Grasslands. Due to the granite derived nutrient poor soils, 
Egoli Granite Grassland (EGG) are sensitive and intolerant to frequent impacts such 
as heavy grazing, ploughing, trampling and general domestic activities (Bredenkamp 
et al., 2006). 
 
Ordination analyses indicate that underlying geology has the most noticeable 
influence on the vegetation found at the study site, contributing most to the unique 
nature of Egoli Granite Grassland (EGG). Forty four medicinal plant species from 25 
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different plant families occur at the study site. Two plant species are listed as 
declining (Boophone disticha and Hypoxis hemerocallidea), and one species is listed 
as rare (Oxalis deserticola).   
 
Plant communities 4 and 5 are more species rich and diverse than the other 
communities, contributing most to the functional diversity and high conservation 
value of the area. These communities are found on soils derivative of underlying 
granitic origin. Community 5 is pure Egoli Granite Grassland and occurs on shallow, 
rocky, and nutrient poor soils. Ordination and biodiversity analyses indicate that this 
Community has the highest heterogeneity of all communities present at the study 
site. Species richness and overall species diversity is also highest for Plant 
Community 5. Community 4 is slightly degraded and occurs on deeper, alluvial soils 
associated with drainage lines crossing this Community. Heterogeneity, species 
richness and species diversity is higher than for Communities 1, 2 and 3; however, it 
is not as high as for Community 5.     
 
Management of Communities 4, and particularly Community 5 should take 
precedence to ensure the long term viability and productivity of the study area. 
According to Bredenkamp et al. (2006), areas with high diversity and conservation 
value that are representative remnant areas, such as Egoli Granite Grassland 
(EGG), are especially important since it is unlikely that these transformed 
anthropogenic Grasslands will return to their former original climax vegetation state. 
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Chapter 6 Conclusion 
 
In terms of the objectives set for this study in chapter 1, the vegetation of the Egoli 
Granite Grassland on the farm Doornrandjie, Gauteng has been successfully 
classified and described. A detailed vegetation map was created and a 
comprehensive account has been given of the various plant communities occurring 
at the study site. A floristic analysis has been undertaken, and medicinal and 
important plant species have been identified and briefly described. Community 
Ordination and Hierarchical Classification graphs were created to better understand 
affinities between the different relevés in the plant communities, and how 
environmental factors affect the communities. Plant Community biodiversity was 
investigated using the Shannon Wiener Diversity Indices. 
 
This study found the true Egoli Granite Grassland (Ziziphus zeyheriana - 
Hyparrhenia hirta Grassland – Community 5) to have the highest heterogeneity, 
species richness, and overall diversity of all plant communities present at the study 
site. Plant Community 5 had an average of 40 species per 100m². Plant Community 
4 (the Stoebe vulgaris – Hyparrhenia hirta Grassland) is also considered to be an 
Egoli Granite Grassland as it occurs on granitic rock substratum; however, this 
Community is slightly degraded and less heterogeneous, species rich and diverse 
than Community 5. Communities 1, 2 and 3, are not considered Egoli Granite 
Grassland, are more homogenous, less species rich, and have less species diversity 
than Communities 4 and 5 have.  
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The findings of this study indicate that, unlike the mostly anthropogenic Hyparrhenia 
species-dominated Grasslands that are characterized by low species richness, Egoli 
Granite Grassland (EGG) are species rich, contributing to the overall biodiversity of 
the areas they occur in. Community 5 is of particular interest from a conservation 
perspective because it is typical of the unique and endangered Egoli Granite 
Grassland vegetation type. Based on the high heterogeneity and the sensitivity of 
these areas to heavy grazing, ploughing, trampling and general domestic activities, 
these areas should be prioritised for conservation.    
 
There is evidence of previous anthropogenic disturbance at the study site that has 
led to degradation of the vegetation and the Grasslands becoming dominated by the 
grass Hyparrhenia hirta. It is recommended that the study site be conserved and a 
proper management plan implemented to ensure the continued existence of the 
unique vegetation found on the property. 
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Annexure 1 – Species list for Doornrandjie Farm  
 
Species list indicating medicinal value (*), conservation status (Hilton-Taylor, 1996; 
1996a; 1997), AIP – Alien Invasive Plant  
 
Acanthaceae 
Blepharis integrifolia 
Chaetacanthus costatus 
Chaetacanthus setiger 
Crabbea angustifolia 
Justicia anagalloides 
 
Agavaceae (= Anthericaceae in part) 
Anthericum sp. 
Chlorophytum cooperi 
Chlorophytum fasciculatum 
Chlorophytum transvaalense 
 
Aizoaceae 
Delosperma herbeum 
 
Alliaceae 
Tulbaghia acutiloba 
 
Amaranthaceae 
Amaranthus hybridus *  
Pandiaka angustifolia 
 
Amaryllidaceae 
Boophone disticha * (Declining) 
 
Anacardiaceae 
Lannea discolor * 
Searsia lancea 
Searsia leptodictya 
Searsia pyroides 
 
Annonaceae 
Monanthotaxis angustifolia 
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Apiaceae 
Centella asiatica * 
 
Apocinaceae 
Gomphocarpus physocarpus * 
Orbeopsis lutea 
Orbeopsis lutea subspecies lutea 
Pentarrhinum insipidum 
Raphionacme hirsute 
Stapelia gigantea * 
Xysmalobium undulatum * 
 
Araliaceae 
Cussonia spicata * 
 
Asparagaceae 
Asparagus burchellii 
Asparagus suaveolens  
 Asphodelaceae 
Aloe davyana * 
Aloe transvaalensis 
 
Asteraceae 
Athrixia elata * 
Berkheya carlinopsis subspecies magalismontum 
Berkheya radula 
Bidens pilosa *  
Campuloclinium macrocephalum  
Conyza bonariensis  
Conyza podocephala  
Crepis hypochoeridea  
Dicoma anomala * 
Dicoma macrocephala 
Felicia muricata 
Felicia muricata subspecies muricata 
Gazania krebsiana 
Geigeria burkei 
Helichrysum acutatum 
Helichrysum aureonitens * 
Helichrysum inornatum 
Helichrysum kraussii 
Helichrysum nudifolium * 
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Helichrysum pilosellum 
Helichrysum rugulosum 
Helichrysum sp. 
Hilliardiella aristata * 
Hilliardiella oligocephala * 
Macledium zeyheri 
Nidorella anomala 
Nidorella hottentotica 
Osteospermum muricatum 
Osteospermum muricatum subspecies muricatum 
Phymaspermum athanasioides 
Senecio coronatus 
Senecio erubescens 
Senecio inaequidens 
Senecio inornatus 
Senecio isatideus 
Senecio othonniflorus 
Senecio pentactinus 
Senecio venosus 
Sonchus dregeanus 
Stoebe vulgaris 
Tagetes minuta *   
Tithonia rotundifolia  
Tolpis capensis 
 
Cactaceae 
Cereus jamacaru 
Opuntia stricta 
 
Campanulaceae 
Wahlenbergia undulate 
 
Capparaceae 
Cleome monophylla 
 
Caryophyllaceae 
Pollichia campestris 
 Celastraceae 
Gymnosporia buxifolia 
 
Chrysobalanceae 
Parinari capensis * 
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Commelinaceae 
Commelina africana * 
Commelina africana var. barberae * 
Commelina africana var. krebsiana * 
Commelina erecta 
Cyanotis speciosa * 
 
Convolvulaceae 
Convolvulus aschersonii 
Convolvulus sagittatus subspecies sagittatus 
Ipomoea bolusiana subspecies bolusiana 
Ipomoea crassipes 
Ipomoea ommaneyi 
 
Crassulaceae 
Kalanchoe paniculata 
Kalanchoe thyrsiflora 
 
Cucurbitaceae 
Citrullus lanatus * 
Coccinia adoensis 
Cucumis zeyheri * 
Momordica balsamina * 
 
Cyperaceae 
Bulbostylis burchellii 
Cyperus congestus 
Cyperus denudatus 
Cyperus esculentus 
Cyperus longus 
Cyperus longus var. tenuiflorus 
Cyperus obtusiflorus 
Cyperus obtusiflorus var. flavissimus 
Cyperus obtusiflorus var. obtusiflorus 
Fimbristylis ferruginea 
Fimbristylis sp. 
Fuirena pubescens 
Fuirena sp. 
Kyllinga erecta 
Mariscus congestus 
Pycreus flavescens 
Schoenoplectus corymbosus 
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Dichapetalaceae 
Dichapetalum cymosum 
 
Dipsaceae 
Cephalaria zeyheriana 
Scabiosa columbaria * 
 
Ebenaceae 
Euclea crispa * 
 
Elatinacea 
Bergia decumbens 
 
Equisetaceae 
Equisetum ramosissimum 
 
Euphorbiaceae 
Acalypha angustata 
Chamaesyce inaequilatera 
Euphorbia clavarioides 
 Fabaceae 
Alysicarpus rugosus 
Burkea africana * 
Chamaecrista comosa 
Chamaecrista mimosoides 
Dichrostahys cinerea 
Elephantorrhiza elephantina * 
Eriosema burkei 
Eriosema cordatum  
Eriosema salignum  
Indigofera adenoids 
Indigofera alopecuroides 
Indigofera comosa 
Indigofera daleoides 
Indigofera daleoides var. daleoides 
Indigofera filipes 
Indigofera limosa 
Indigofera melanadenia 
Lotononis angolensis 
Lotononis calycina 
Lotononis foliosa 
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Lotononis oligocephala 
Rhynchosia malacophylla 
Rhynchosia monophylla 
Senegalia caffra 
Sphenostylis angustifolia 
Tephrosia capensis 
Tephrosia elongate 
Tephrosia longipes 
Tephrosia longipes subspecies longipes 
Trifolium africanum 
Trifolium sp. 
Vachellia karroo * 
Vigna oblongifolia 
Vigna oblongifolia var. parviflora 
Vigna vexillata 
Zornia milneana 
 
Gentianaceae 
Sebaea grandis 
Chironia palustris subspecies transvaalensis * 
 
Geraniaceae 
Monsonia angustifolia 
Monsonia burkeana 
 
Hyacinthaceae 
Dipcadi rigidifolium 
Ledebouria ovalifolia 
Ledebouria revolute 
Ledebouria  burkei  
Scilla nervosa * 
 
Hypericaceae 
Hypericum lalandii * 
 
Hypoxidaceae 
Hypoxis acuminate 
Hypoxis argentea 
Hypoxis hemerocallidea * (Declining) 
Hypoxis iridifolia 
Hypoxis rigidula 
 
Iridaceae 
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Aristea racemosa 
Babiana hypogaea 
Gladiolus crassifolius 
Gladiolus orchidiflorus 
Gladiolus pretoriensis 
Tritonia nelsonii 
 
Juncaceae 
Juncus exsertus 
Juncus sp. 
 
Lamiaceae 
Becium angustifolium 
Becium obovatum 
Becium obovatum subspecies obovatum var. 
Obovatum 
Mentha longifolia * 
Teucrium trifidum * 
 
Lobeliaceae 
Cyphia assimilis 
Monopsis decipiens 
 
Lythraceae 
Nesaea schinzii 
 
Malpighiaceae 
Triaspis hypericoides subspecies nelsonii 
 
Malvaceae 
Corchorus confuses 
Dombeya rotundifolia * 
Grewia flava 
Hermannia depressa * 
Hermannia erodioides 
Hibiscus palmatus 
Hibiscus pusillus 
Hibiscus trionum 
Pavonia transvaalensis 
Sida dregei 
Triumfetta sonderi 
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Moraceae 
Morus alba (AIP) 
 
Oleaceae 
Menodora Africana 
 
Onagraceae 
Oenothera rosea  
Oenothera tetraptera  
 
Orchidaceae 
Bonatea speciosa var. antennifera 
Habenaria kraenzliniana 
 
Oxalidaceae 
Oxalis depressa 
Oxalis deserticola (Rare)  
Oxalis obliquifolia 
Oxalis tetraphylla 
 
Orobanchaceae 
Striga asiatica 
Striga bilabiata 
Striga elegans 
 
Phyllanthaceae  
Phyllanthus parvulus 
 Poaceae 
Agrostis lachnantha 
Andropogon schirensis 
Aristida canescens 
Aristida congesta subspecies barbicollis 
Aristida congesta subspecies congesta 
Aristida diffusa 
Arundinella sp. 
Bewsia biflora 
Brachiaria brizantha 
Brachiaria nigropedata 
Brachiaria serrata 
Chloris virgata 
Cymbopogon caesius 
Cymbopogon pospischili 
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Cynodon dactylon 
Dactyloctenium giganteum 
Digitaria eriantha 
Diheteropogon amplectens 
Elionurus muticus 
Eragrostis chloromelas 
Eragrostis curvula 
Eragrostis gummiflua 
Eragrostis lehmanniana 
Eragrostis micrantha 
Eragrostis plana 
Eragrostis racemosa 
Eragrostis rigidior 
Eragrostis rotifer 
Eragrostis superb 
Eustachys paspaloides 
Fingerhuthia Africana 
Hemarthria altissima 
Heteropogon contortus 
Hyparrhenia filipendul 
Hyparrhenia hirta 
Hyparrhenia sp. 
Imperata cylindrical 
Imperata sp. 
Leersia hexandra 
Loudetia simplex 
Melinis repens 
Microchloa caffra 
Monocymbium ceresiiforme 
Panicum natalense 
Paspalum dilatatum  
Paspalum distichum 
Paspalum scrobiculatum 
Perotis patens 
Phragmites australis * 
Pogonarthria squarrosa 
Schizachyrium sanguineum 
Setaria pumila 
Setaria sphacelata 
Sporobolus africanus 
Sporobolus ioclados 
Stipagrostis uniplumis 
Themeda triandra 
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Trachypogon spicatus 
Tragus berteronianus 
Trichoneura grandiglumis 
Triraphis andropogonoides 
Urelytrum agropyroides 
Urochloa mosambicensis 
 
Polygalaceae 
Polygala hottentotta 
Polygala scabra 
 
Polygonaceae 
Persicaria lapathifolia  
Persicaria serrulata 
 
Portulacaceae 
Portulaca kermesina 
Talinum caffrum 
 
Pteridaceae 
Pellaea calomelanos 
 
Ranunculaceae 
Ranunculus multifidus 
 
Rhamnaceae 
Ziziphus mucronata * 
Ziziphus zeyheriana 
 
Rubiaceae 
Galium capense subspecies capense 
Galium capense subspecies garipense 
Kohautia amatymbica 
Kohautia caespitose 
Kohautia caespitosa subspecies brachyloba 
Kohautia virgata 
Rubia horrid 
 
Ruscaceae 
Eriospermum ornithogaloides 
Eriospermum orthophyllum 
 
Salicaceae 
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Dovyalis caffra 
Populus sp. (AIP) 
 
Santalaceae 
Thesium utile 
 
Scrophulariaceae 
Jamesbrittenia aurantiaca 
Jamesbrittenia burkeana 
Manulea parviflora 
 Solanaceae 
Solanum incanum 
Solanum retroflexum 
Solanum sisymbrifolium (AIP) 
 
Thymelaeceae 
Gnidia sericocephala 
 
Vahliaceae 
Vahlia capensis 
 Valerianaceae 
Valeriana capensis * 
 
Velloziaceae 
Xerophyta retinervis * 
 
Verbenaceae 
Chascanum hederaceum 
Lantana camara (AIP) 
Lantana rugosa 
Lippia javanica * 
Lippia rehmannii * 
Verbena bonariensis  
Verbena brasiliensis  
Verbena tenuisecta 
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Annexure 2 – Complete phytosociological tabe for Doornrandjie Farm  
 
Phytosociological table for the farm Doornrandjie
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